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Food digestibility and water requirements in the

Djungarian hamster Phodopus sungorus
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Abstract

Studying the digestibility of a defined food mixture and the effects of negative water balance, very high
digestion coefficients and a remarkable resistance against reduced water intake were found in the

Djungarian hamster. Coefficients of digestibility were determined as 90.6 %for dry matter, 91.2 %for

carbon, 80.2 % for crude protein and 91.9 %for energy. Assimilation level was estimated as 88.4 %of
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the ingested energy. Differences between reproductive and nonreproductive females were not
significant. Reduced water intake resulted in weight loss of up to 50%, whereby water content rose

significantly, i.e. fat content dropped. The water requirements were low.

Introduction

The Djungarian hamster, Phodopus s. sungorus (Pallas, 1770), is adapted to living in cold

steppes of Western Siberia. Because of high reproduction rates and cheap maintainence it

has become a populär laboratory animal. Phodopus sungorus can be fed exclusively with

food-pellets and apples and does not require additionally water (Figala et al. 1973). No
data on food digestion and water requirements exist in the literature. Relevant data are

useful for studying energy metabolism using the "food ration" method in the laboratory or

for estimating energy and material flow through Phodopus populations in their natural

environment.

Material and methods

The hamsters were kept under laboratory conditions with the light rhythm 16L:8D at a temperature

of 20 ± 1 °C and at 80 ± 10 % rel. humidity.

Digestibility of food: 8 9 9 of age between 3 and 8 months were kept in metabolic cages as long as

body weight was maintained constant. They were given daily 10g of a commercial hamster-food

(nicki-Heimtierprodukte GmbHBielefeld, Art. Nr. 8602) containing sunflower-seeds (about 16%),
maize (about 15 %), pellets (about 12 %), peanuts (about 1 %), barley-, oat- and wheat-seeds (about

54 %). Food pellets and shells of sunflower-seeds were not ingested by the hamsters and the food was
accordingly analysed without the rejected components. The uneaten food and faeces were collected

once a day. Water contents were determined by oven-drying to weight constance. For determining

caloric values of food and faeces samples were burnt in a calorimeter bomb (IKA-Kalorimeter C-400
adiabatisch). Carbon content was determined with a Wösthoff-Gasanalysator (H. Wösthof oHG,
Bochum). N-content was measured with the micro-Kjeldahl method (s. Lieb 1931). Nitrogen values

were converted to crude protein by multiplying with 6.25 (Kleiber 1967). Digestibility for a

substance (S) is defined as ([S ing
—Sex ]/S ing ), where ing means ingested with the food and ex means

excreted with faeces.

Reduced water intake: 5 females and 2 males were given exclusively nicki-hamsterfood (water

content 10.6%) ad libitum, meal-worms (Tenebrio molitor larvae), vitamins and minerals ("Osspul-

vit", Dr. Madaus & Co., Köln) once a week. Body weight was measured every three days. After 92

days animals were fed additionally with apples ad libitum (convalescence-phase). In vivo body water

was determined by HTO(tritium labeled water) dilution (Hollemann and Dieterich 1973, 1975).

Individuais were injected 10 |iCi HTO in 150 [il sterile saline (140 mM) intraperitoneally. Blood
samples were taken after an equilibration time of 2.5 h from the Ophthalmie venous plexus (Riley

1960). Total body fat was estimated from the equation body % fat = 100— (% body water/0. 732)

(Kodama 1971). Water flux rates were calculated using the equations given by Nagy and Costa
(1980).

Table 1

Dry matter and energy ingested with the food and excreted with faeces (n = 8 99, mean ± SD
body weight 34.8 ± 3.9 g); carbon and crude protein content in %of dry matter

dry matter

g/d ind

energy

kj/d ind

carbon

%
protein

%

food 2.45 55.14 51.74 14.2

± 0.20 ± 4.58 ± 0.18 ± 0.4

faeces 0.23 4.45 45.10 30.6

± 0.03 ± 0.58 ± 0.33 ± 0.8

DC% 90.6 91.9 91.2 80.2

DC = di{ jestion coefficient; values are given as means ± SE
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Results

Digestion coefficients: Caloric values were 22540 ±92 J/g dry weight (mean ± one

Standard error, SE) for the food and 19351 ± 131 J/g dry weight for faeces.

Additionally, energy-, carbon- and protein content in faeces of pregnant or lactating

females were measured. Reproductive females and controls were given additionally lg of

apple per day. Differences between the three groups were not significant (Kruskal-Wallis-

test).

The amount of eliminated urine was 1.4 ± 0.3 ml/d ind (mean ± SE). Accepting a

caloric value of 1.39kJ/ml (determined by Drozdz [1968] for the yellow-necked field

mouse Apodemus flavicollis fed with mixed seed-food), energy loss in urine is estimated as

1.94 kj/d ind. Consequently the assimilation level (relation of ingested minus via faeces and

urine excreted energy to ingested energy) can be estimated as 88.4%.

Reduced water intake: Within 78 days the seven experimental animals lost 50 %of their

body weight. Mean daily weight loss was 0.59 %of the initial body weight (34.7 ± 5.1g,

mean ± Standard deviation, SD). Düring the convalescence phase all animals regained their

initial body weight within 20 days. Average daily body weight gain was 2.6 %of the initial

body weight (s. linear regressions in the figure).

time(d)

Body weight development of 7 hamsters under the condition of reduced water intake and during
convalescence in per cent of the initial body weight (34.7 ± 5.1g, mean ± SD); the arrow marks the

begin of the convalescence phase; Y* = linear regressions

In vivo body water was determined at the beginning of the experiment (day 0), after 78

days, and on the 18th day of convalescence (day 110 in Fig. 1). No differences were found

between the values at the beginning (54.2 ± 6.9 %body water, i.e. 26.0 ± 5.6 %body fat,

means ± SD) and the end of the experiment (53.3 ± 7.7% body water, i.e. 27.2 ± 8.5%
body fat) (Wilcoxon matched pairs sign rank test, two-sided). On day 78 the water content

was significantly increased (65.5 ± 3.1 %), i.e. the fat content was significantly lowered

(10.5 ± 4.0 %) (p < 0.05, same test).

During 6 days of convalescence phase when body weight rose from 25.4 ± 2.8 to

31.5 ± 3.9 g total water influx was 5.9 ± 1.1 ml d
_1

ind
-1

, while water efflux rate was
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5.3 ± 1.0 ml d 1 ind 1 (means ± SD). Water flux rates in 9 normal fed hamsters (apple and

carrots ad üb.) maintaining constant body weight (30.3 ±3.1 g) over 7 days were

3.7 ± 0.6 ml d
-1

ind" 1

.

Discussion

In order to assess the energy and material flow through a rodent population it is necessary

to investigate which part of the ingested food is utilized by the animals and which part joins

the turnover in form of excretions (Drozdz 1968). The coefficients of digestibility for dry

matter (90.6 %), carbon (91.2 %) and protein (80.2 %) found are higher than most values

determined for other Muroidea. For Microtus arvalis, Clethrionomys glareolus, Apodemus
agrarius and Apodemus flavicollis digestion coefficients for different diets ranged from 73.9

to 93.5 %for dry matter, from 74.5 to 94.0 %for carbon and from 63.2 to 87.5 %for crude

protein (Drozdz 1968). Utilization of the energy in the food was also very high compared

with the digestion and assimilation coefficients reported elsewhere (Kaczmarski 1966;

Drozdz 1968; Migula 1969; Myrcha et al. 1969; Peterson and Baumgardt 1971;

Drozdz et al. 1972; Smith and McManus 1975; Randolph et al. 1977; Heasley 1983;

Gettinger 1984). The terms digestibility and assimilation are not always used in the same

manner in the literature and often only one coefficient is given. In most cases assimilation

level is about 2 to 4 % less than digestion level in small rodents. The energy digestibility of

91.9% is very high compared to other studies, where values fluctuated between limits of

56% and 94%. A direct quantitative comparison of the different data however is not

possible because of the different diets used. Digestibilities can depend decisively on water

and fibre content in the food (Nehring et al. 1965; Drozdz 1968; Peterson and

Baumgardt 1971). The result that no differences in faeces analysis were found between

reproductive and non-reproductive females are interpreted to mean that the digestion

coefficients are not influenced by the higher energy turnover during reproduction. This is

in accordance with the results of Kaczmarski (1966), Migula (1969), Myrcha et al.

(1969) and Randolph et al. (1977). Summarising the results these indicate that the

digestion of mixed seed-food is in the Djungarian hamster not less efficient than in

phylogenetically younger Microtinae and Muridae.

In this study the Djungarian hamster depended on taking preformed water with the

food to maintain a leveled water balance. Despite the fact that body weight was reduced to

50 %and body fat was lowered to below that value for normal fed hamsters weighing less

than 25 g (Schierwater, unpubl.), the hamsters remained remarkably tolerant to water

deprivation. Body weight and body fat depot regained the normal level in less than three

weeks. The fact that two experimental animals propagated successfully within three weeks

after the experiment indicates that the three months water deprivation caused no substan-

tial irreversible damage to the animals.

Presuming an average daily metabolic rate of 1700 kj kg
-1

d
_1

, oxidation-water

production can be estimated as 48.7 ml kg
-1

d
_1

(Schierwater, unpubl.). Accepting this

value the intake of preformed water with the food was 4.5 ml d
_1

ind
-1

during convales-

cence phase and 2.2 ml d
-1

ind
-1

in normal fed animals. For maintaining constant body

weight the water requirements were much lower. Feeding experiments, where the animals

were fed with 0.9 ml preformed water d
_1

ind
-1 showed that this was enough for 9 animals

to maintain constant body weight (33.8 ± 3.9 g, mean ± SD) over 30 days. This is

interpreted as the maximum value to maintain a leveled water balance under the chosen

laboratory conditions because ingestion is not necessarily equal to hoarding. Smith and

McManus (1975) found for the house mice, Mus musculus, an about 10 fold higher water

requirement. The results indicate an ecological advantage for the Djungarian hamster in

dry habitats over the sympatric Microtinae and Muridae with much greater water require-

ments.
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Zusammenfassung

Zur Futterverdaulichkeit und zum Wasserbedarf des Dsh ungarischen Zwerghamsters

Phodopus sungorus

Untersucht wurden verschiedene Parameter der Verdaulichkeit eines definierten Mischfutters und der

Einfluß reduzierter Wasserzufuhr beim Dshungarischen Zwerghamster. Die ermittelten Verdaulich-

keitskoeffizienten von 90,6 % für Trockensubstanz, 91,2 %für Kohlenstoff, 80,2 %für Roh-Protein

und 91,9% für Energie, liegen im Vergleich zu anderen Vertretern der Mäuseartigen sehr hoch. Die
Ergebnisse deuten an, daß der Dshungarische Zwerghamster die Nahrung zumindest ähnlich effizient

ausnutzt wie stammesgeschichtlich modernere Vertreter der Mäuse und Wühlmäuse. Ein Einfluß des

Fortpflanzungsgeschehens auf die Verdaulichkeitskoeffizienten wurde nicht festgestellt. Unter Bedin-

gungen reduzierter Wasserzufuhr verringerten die Versuchstiere in drei Monaten ihr Körpergewicht
um 50% und ihren relativen Fettgehalt um mehr als 50%. Innerhalb von drei Wochen Rekonvales-

zenz wurden die ursprünglichen Verhältnisse bezüglich Körpergewicht und Fettgehalt wiederherge-

stellt.
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